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Background: The current diagnostic criteria for pedi-
atric autoimmune neuropsychiatric disorder associated
with group A streptococcal infection (PANDAS) are pe-
diatric onset, neuropsychiatric disorder (obsessive-
compulsive disorder [OCD]) and/or tic disorder; abrupt
onset and/or episodic course of symptoms; association
with group A �-hemolytic streptococcal (GABHS) infec-
tion; and association with neurological abnormalities (mo-
toric hyperactivity or adventitious movements, includ-
ing choreiform movements or tics).

Objective: To assess new-onset PANDAS cases in re-
lation to acute GABHS tonsillopharyngitis.

Design: Prospective PANDAS case identification and fol-
low-up.

Results: Over a 3-year period (1998-2000), we identi-
fied 12 school-aged children with new-onset PANDAS.
Each patient had the abrupt appearance of severe OCD
behaviors, accompanied by mild symptoms and signs of
acute GABHS tonsillopharyngitis. Throat swabs tested
positive for GABHS by rapid antigen detection and/or were
culture positive. The GABHS serologic tests, when per-

formed (n=3), showed very high antideoxyribonucle-
ase antibody titers. Mean age at presentation was 7 years
(age range, 5-11 years). In children treated with antibi-
otics effective in eradicating GABHS infection at the sen-
tinel episode, OCD symptoms promptly disappeared. Fol-
low-up throat cultures negative for GABHS were obtained
prospectively after the first PANDAS episode. Recur-
rence of OCD symptoms was seen in 6 patients; each re-
currence was associated with evidence of acute GABHS
infection and responded to antibiotic therapy, support-
ing the premise that these patients were not GABHS car-
riers. The OCD behaviors exhibited included hand wash-
ing and preoccupation with germs, but daytime urinary
urgency and frequency without dysuria, fever, or incon-
tinence were the most notable symptoms in our series
(58% of patients). Symptoms disappeared at night, and
urinalysis and urine cultures were negative.

Conclusion: To our knowledge, this is the first prospec-
tive study to confirm that PANDAS is associated with acute
GABHS tonsillopharyngitis and responds to appropri-
ate antibiotic therapy at the sentinel episode.
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G ROUP A �-hemolytic
streptococcal (GABHS)
tonsillopharyngitis oc-
curs in school-aged chil-
dren and causes sore

throat, fever, headache, and abdominal
pain. Peak seasonal occurrence is in the
winter and spring months in temperate cli-
mates. Diagnosis is confirmed by throat
culture, and treatment includes antibiot-
ics. The sore throat illness is self-limited
and will usually resolve in about 5 days,
even without antibiotic treatment. Infec-
tion with GABHS leads to the production
of serum antibodies, such as antistreptoly-
sin O (ASO) and antideoxyribonuclease B
(anti–DNase B). In certain individuals, in-
fection and antibody production lead to
end-organ damage, as antibodies cross-
react with tissue of the kidney (post-

GABHS glomerulonephritis), heart (rheu-
matic fever), and brain (Sydenham
chorea). Typically, nephritis occurs about
10 days after GABHS throat infection, and
rheumatic fever occurs about 18 days af-
ter infection, whereas chorea occurs
months later.1 Because the throat culture
may no longer be positive, diagnosis of
post-GABHS nonsuppurative sequelae de-
pends on a history of a positive throat cul-
ture in the preceding months or the pres-
ence of elevated titers of at least 1 of the
streptococcal antibodies.2

Obsessive-compulsive disorder
(OCD) is characterized by obsessions, the
intrusive and unwanted thoughts or im-
ages that cause anxiety or distress, and
compulsions, the actions performed to
soothe the distress caused by the obses-
sions. The disorder is usually diagnosed
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in adolescence in men and early adulthood in women,
and it has a lifetime prevalence of 2% to 3%. Comorbid
conditions include depression, tics, and anxiety disor-
ders. Typically, there is a slow, insidious onset over
months to years before diagnosis.3 Children with Syden-
ham chorea also exhibit OCD.4 In one series, 70% of those
with Sydenham chorea had sudden-onset OCD.5

Pediatric autoimmune neuropsychiatric disorder as-
sociated with group A streptococcal infection (PANDAS)
is a recently described entity that may be similar in mecha-
nism to other nonsuppurative post-GABHS disorders. Un-
like typical patients with OCD, children with PANDAS
develop sudden-onset OCD or tic behavior shortly after
GABHS infection. The working criteria for a diagnosis
of PANDAS are (1) presence of OCD and/or tic disor-
der; (2) pediatric onset; (3) abrupt onset and episodic
course; (4) association with GABHS infections; and (5)
association with neurological abnormalities, such as mo-
toric hyperactivity, choreiform movements, or tics.6,7

To date, most knowledge about PANDAS has been
obtained by studying patients with a known tic disorder
or long-standing OCD in research facilities and referral
centers.6,8-12 The authenticity of PANDAS has been ques-
tioned.13,14 We describe 12 patients in a primary care prac-
tice identified at the onset of a first episode of PANDAS
and followed prospectively to address questions about
age of onset, sex predominance, seasonal occurrence, re-
lationship to GABHS infection, and response to antibi-
otic treatment. We conclude that there is an association
between sudden onset of neuropsychiatric symptoms, es-
pecially OCD, and GABHS tonsillopharyngitis in some
previously healthy children.

RESULTS

CASE REPORT

A 5-year-old boy suddenly developed frequent daytime uri-
nation (Table; patient No. 7). The onset was pinpointed
to one evening. He voided, then immediately felt the urge
to void again, producing only drops of urine. This behav-
ior peaked in the morning when he was trying to catch the
school bus. There was no fever, dysuria, or incontinence.
The symptoms did not occur through the night.

This obsession with urine and the compulsive need
to repeatedly urinate increased over 7 days, along with
the acute onset of an age-inappropriate separation anxi-
ety. He cried for hours when his mother left for work and
he was left in the care of his father.

On examination, marked tonsillopharyngeal ery-
thema, an impetiginous lesion at the corner of the lip, and
moderate cervical adenopathy were present without fever
or tonsillar enlargement. A throat culture was positive for
GABHS. A cephalosporin was prescribed, and within 6 days,
his compulsive need to urinate ended, his separation anxi-
ety improved, and he was attending school normally.

A month later, the patient returned with another
abrupt onset of compulsive urination, separation anxi-
ety before school, and a mild sore throat. On examina-
tion, the posterior pharynx was intensely red, without
enlargement of the tonsils, fever, or adenopathy. Throat
culture and rapid antigen-detection assay were both nega-

PARTICIPANTS AND
METHODS

This prospective study was conducted at the Elm-
wood Pediatric Group, a primary care, pediatric of-
fice practice in suburban Rochester, NY. Patients were
identified and followed during a 3-year time period,
from 1998 to 2000. Children presenting with the
abrupt, explosive onset of a significant new behav-
ioral problem, such as OCD, tic disorder, age-
inappropriate separation anxiety, or late age–onset
attention-deficit/hyperactivity disorder (ADHD) were
considered for admission to the study group. Chil-
dren with long-standing behavioral symptoms pre-
senting for initial care were not included. Once the
explosive onset of behavior was identified, the pres-
ence of GABHS infection was investigated. If GABHS
infection was present (positive throat culture at pre-
sentation or recorded in the medical record in re-
cent prior weeks) or had occurred recently (as docu-
mented by an elevated ASO or anti–DNase B titer) a
diagnosis of PANDAS was made, antibiotic treat-
ment was rendered, and the patient was observed pro-
spectively. Behavioral symptoms were reported by par-
ents and/or observed in the office. Severity was
estimated by the inability to attend school normally
or the degree to which symptoms interfered with fam-
ily routines.

No patient had been previously diagnosed with
acute rheumatic fever, Sydenham chorea, Tourette
syndrome, or ADHD. One child had transient Bell
palsy after varicella. Another child had acute onset
of OCD behavior in 1997, but she entered our study
group during a recurrence of OCD symptoms when
it was first recognized that she had PANDAS. Sub-
sequent medical record review was used to deter-
mine the GABHS history in prior years. As with pa-
tients presenting with rheumatic fever, the presence
of GABHS infection was determined by throat swabs
tested by rapid antigen-detection assay (Acceava;
Thermo BioStar, Inc, Boulder, Colo) or throat cul-
ture on sheep blood agar plates in the Elmwood Pe-
diatric Group office laboratory (Clinical Laboratory
Improvement Act level 3 certified). The GABHS an-
tibody titers (ASO and anti–DNase B) were quanti-
tated at commercial laboratories. Analyses of anti-
neuronal antibodies were performed as previously
described15 (courtesy of John Zabriskie, PhD).

Once identified, patients with PANDAS were fol-
lowed prospectively to document improvement of the
OCD behavior by parent report and, in some cases,
independent psychiatric evaluation. Improvement in
tic behavior was documented by a physician. Serial
titers or follow-up throat cultures documented reso-
lution of the initial acute GABHS infection. Patients
were instructed to return for evaluation if fever, sore
throat, or recurrence of behavioral symptoms oc-
curred. The time course of onset was again docu-
mented, patients were examined, and rapid antigen-
detection assay or throat culture for GABHS was
performed. If there was no evidence of GABHS on ini-
tial throat culture, patients were instructed to re-
turn in 3 days for another culture.
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tive for GABHS. The patient was instructed to have an-
other throat swab in 72 hours, which was positive for
GABHS. He was treated with a cephalosporin, and, in 5
days, his OCD behaviors and anxiety had normalized. The
findings from the follow-up examination were normal,
the throat culture was negative for GABHS, and symp-
toms did not recur during 12 months of follow-up.

AGE, SEX, AND SEASONAL PATTERN

Data summarizing age, sex, month of OCD onset, neu-
ropsychiatric symptoms, and recurrences for the 12 cases
of PANDAS in our series are shown in the Table. Mean
age was 7 years (age range, 5 years 4 months, to 10 years
11 months). The sex ratio showed a predominance of boys
(1.4:1), and the months of initial OCD episode were Sep-
tember through April.

NEUROPSYCHIATRIC SYMPTOMS

All patients had abrupt onset of neuropsychiatric symp-
toms, and 7 (62%) of 12 patients could pinpoint the day
symptoms started. All patients had obsessive thought pat-
terns, 75% of which were germ- or illness-related, causing
compulsive hand washing or excessive toilet hygiene ritu-
als. One child compulsively hoarded items her germs had
touched. Seven children (58%; including 4 [80%] of the 5
girls) exhibited a pattern of compulsive daytime urinary
urgency, frequency, and wiping without fever, dysuria, or
nighttime symptoms and without evidence of urinary tract
infection by urinalysis or urine culture. Forty-two percent
of patients experienced a new onset of extreme and age-
inappropriate separation anxiety when leaving their moth-
ers. This symptom was manifest especially in the morning
before the school bus arrived, with children physically cling-
ing to their parents’ legs and refusing to part. The oldest
child in the series was able to verbalize his obsessive, irra-
tional fear of dying or being sent to prison, but the younger
children with this compulsive need to be with their moth-
ers could not verbalize the thoughts leading to this behav-

ior. Four (33%) of 12 children had clear-cut neurologic ab-
normalities. Two boys had recurrent tics, including head
tilting, nodding, and eye blinking. One of these patients
showed negative and aggressive behaviors. One boy had
transient ADHD-like symptoms, including fidgeting,
memory impairment, and deterioration of handwriting. No
patients had classic chorea, but the 1 patient most se-
verely affected exhibited choreiform finger movements. All
patients were emotionally labile and exhibited motoric hy-
peractivity during these episodes.

The first 4 patients were referred for psychiatric
evaluation because the severity of their symptoms inter-
fered with daily activities. Three were incapacitated and
unable to leave the home. In each patient, OCD with or
without anxiety was confirmed by history, but the pa-
tients had already improved following antibiotic treat-
ment by the time of psychiatric evaluation several weeks
later. Subsequent patients with similar symptoms and se-
verity were followed through the pediatric office with-
out referral to psychiatric care. The severity of the ill-
ness was determined by parental report. All patients met
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition16 criteria for severe OCD because they were
unable to attend or function at school or child care. The
Children’s Yale-Brown Obsessive-Compulsive Scale17 cri-
teria of time spent, interference, distress, resistance, and
control over obsessions would place these children in the
category of severe to extreme severity.

ASSOCIATION BETWEEN OCD SYMPTOMS
AND GABHS INFECTIONS

Evidence of a clear-cut, temporal relationship between the
abrupt onset and/or exacerbation of OCD symptoms and
acute GABHS tonsillopharyngitis infection was estab-
lished by prospective throat swab testing in most pa-
tients. Antistreptococcal antibody titers were obtained in
a subset for whom the throat cultures were not concur-
rently positive with behavior changes. A notable feature
of the tonsillopharyngitis episodes was the lack of sever-

Demographic and Disease Characteristics of 12 Patients With PANDAS*

Patient No./Sex/Age, y Month of OCD Onset
Sudden
Onset OCD Behaviors† Tics/ADD

No. of
Recurrences

1/M/10 April Y 1, Confessions, household items N 0
2/M/5 October Y 1 Tics 0
3/F/10 September Y 2 N 0
4/M/5 October Y 2 N 0
5/F/6 October Y 2, 3 N 1
6/F/7 December Y 1, 4 N 0
7/M/5 February Y 1, 2 N 1
8/M/9 March Y Fear of failure ADD 0
9/F/6 April Y 2, Symmetry N 2

10/M/5 April Y 2 Blinking tic 2
11/M/5 November Y Negativity Blinking tic 4

12‡/F/6 March Y 1, 2, 3, 5, Colors N 6

*PANDAS indicates pediatric autoimmune neuropsychiatric disorder associated with group A streptococcal infection; OCD, obsessive-compulsive disorder;
ADD, attention-deficit disorder; M, male; and F, female.

†For OCD behaviors: 1 indicates fear of harm to self or others/avoids separation; 2, urinary frequency/toilet hygiene; 3, germ related; 4, hoarding germs; and 5,
hand washing.

‡Patient joined the study when OCD recurred and PANDAS was first diagnosed.
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ity. Few children had fevers, and their sore throats were
mild. The tonsillopharynx was moderately to intensely red,
but exudate was scant or absent and cervical adenopathy
was minimal. None of these children displayed the typi-
cal features of classical severe GABHS tonsillopharyngi-
tis, although 1 patient had scarlet fever rash.

There was a latent period between GABHS infec-
tion at a remote time and GABHS infection triggering
PANDAS. The Elmwood Pediatric Group practice had
cared for most patients since birth and all for at least a
year before the onset of PANDAS. Eleven (92%) of 12
patients had a documented GABHS illness (range, 1-7 ill-
nesses) prior to the GABHS illness that triggered OCD;
1 had no documented prior GABHS illness but had fe-
brile lobar pneumonia associated with a sore throat. Eight
(67%) of 12 patients had 4 or fewer episodes of GABHS
infection before they developed PANDAS; the 4 patients
who had no recurrences of OCD were all in this group.
Four (33%) of 12 patients had 5 or more episodes of
GABHS infection; the patients with the most OCD re-
currences, and the most severe OCD, were in this group.

SENTINEL EPISODE OF OCD

When new-onset OCD symptoms occurred, evidence of
GABHS infection in recent weeks was sought to estab-
lish the diagnosis of PANDAS. Ten (83%) of 12 patients
had a throat culture or rapid antigen-detection assay nega-
tive for GABHS within 3 months before the new GABHS
infection associated with OCD, which suggests that they
were not carriers; 7 of these patients had a negative rapid
antigen-detection assay or throat culture within 1 month
before the new infection. Documented GABHS infec-
tion from throat swabs during a clinical episode of phar-
yngitis (in 1 case, scarlet fever) occurred at presentation
in 6 of 12 patients or within 1 month in 4 of 12 patients
prior to the initial episode of OCD, for a total of 10 (83%)
of 12 patients. Of the remaining 2 patients, 1 had clini-
cal pharyngitis with a negative rapid antigen-detection
assay 11 days before the new GABHS infection but a docu-
mented elevated anti–DNase B titer (�1360) at onset of
OCD. One patient (with 7 previous episodes of GABHS)
had documented GABHS 3 months before and under-
went a tonsillectomy without antibiotic treatment 1 month
prior to the onset of OCD. She was included in the study
when we first recognized PANDAS at a recurrence of the
GABHS infection. Nine (75%) of 12 patients had a docu-
mented follow-up throat culture negative for GABHS
within 1 month of treatment. Of the remaining 3, 1 had
a decrease in anti–DNase B titer over 6 months (�1360
to 960). The remaining 2 had clinical improvement but
no throat culture obtained at the end of treatment.

RESPONSE TO ANTIBIOTIC TREATMENT
AT THE SENTINEL PANDAS EPISODE

All patients were treated with 10 days of an antibiotic ef-
fective for eradication of GABHS infection. It is the prac-
tice of the Elmwood Pediatric Group to prescribe peni-
cillins or cephalosporins when GABHS infection occurs.
Five of our patients received penicillin (or amoxicillin
because of taste preference); 1 patient received amoxicillin/

clavulanate potassium, and 6 received a cephalosporin.
In each sentinel episode in our series, initiation of anti-
biotic therapy appeared to lead to prompt improvement
in OCD symptoms. In the 4 patients with no subse-
quent recurrences, behavior was normal in 5 to 21 days.
The mean time to resolution of symptoms was similar
in patients treated with penicillin or amoxicillin (14 days)
compared with those treated with a cephalosporin; how-
ever, 2 patients treated with a cephalosporin showed the
fastest symptom resolution (5 and 6 days).

RECURRENCE OF PANDAS

Six (50%) of 12 patients had at least 1 distinct recurrence
of OCD. Two patients had 1 recurrence, 2 had 2, 1 had 4,
and 1 had 6, for a total of 16 recurrent episodes in these 6
patients. The 2 patients with the most recurrences both ex-
perienced more than 6 episodes of GABHS prior to the
GABHS infection that triggered PANDAS. Both patients de-
veloped a waxing and waning course. In every instance,
the recurrence of PANDAS behavior was associated with
a GABHS infection. Fourteen (87%) of the 16 recurrent
OCD episodes were preceded by a documented throat cul-
ture negative for GABHS 1 to 3 months prior to illness, sug-
gesting that the patients were not chronic GABHS carri-
ers. All recurrent cases had a documented throat culture
or rapid antigen-detection assay positive for GABHS. All
patients were treated with antibiotics (usually a cephalo-
sporin), all had prompt improvement of their OCD symp-
toms, and all had a documented throat culture negative for
GABHS after treatment. In no instance did a new recur-
rence of OCD occur in the absence of a new GABHS in-
fection, nor did a GABHS infection occur without OCD
symptoms recurring. In the patients with 1 or 2 recur-
rences, they occurred 1 to 6 months later. In each patient
with multiple recurrences, the recurrences spanned the en-
tire 3-year study period. Some parents identified a recur-
rence of behavioral symptoms even before the culture was
positive for GABHS. They were instructed to return in 72
hours, and throat cultures were then positive. The OCD
symptoms were similar to prior symptoms at recurrence.

SEROLOGIC TESTING

Serologic tests for acute GABHS were conducted on 3 chil-
dren. Titers for anti–DNase B were elevated above the labo-
ratory reporting range (�1360) for 2 patients at the onset
of the neuropsychiatric episodes. Two patients also had el-
evated ASO titers (2- to 3-times the normal level) at the
time of the PANDAS diagnosis. One patient was tested for
antineuronal antibodies9 and they were detected.

COMMENT

The identification and prospective observation of 12 chil-
dren with PANDAS provided an opportunity to address
several important questions about the disorder.

AGE, SEX, AND SEASONAL OCCURRENCE

The children with PANDAS had an age of onset (5-12
years old) and seasonal occurrence (September-April)
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similar to the peak age and seasonal occurrence of GABHS
tonsillopharyngitis,1 which is not surprising because
PANDAS is associated with GABHS infection. In our prac-
tice, the peak of GABHS infection occurs between Sep-
tember and April.18 Boys were more commonly identi-
fied with PANDAS. Tics, GABHS, and OCD are more
common in men.1 The age of onset of classic OCD is much
different than in our patient group; OCD usually has its
onset in late adolescence or early adulthood.3 Previous
studies of PANDAS have defined the disorder as prepu-
bertal, with a predominance of boys affected.7

NATURE OF OCD SYMPTOMS

The nature of the OCD symptoms in our series is simi-
lar to other reports of OCD. Germ-related behaviors in-
cluded repeated hand washing, hoarding of items germs
had touched, and excessive toilet hygiene rituals. In most
studies, women show more washing behaviors, and men
show more checking behaviors, aggressive behaviors, and
comorbid tics.3 The specific complaint of compulsive uri-
nary frequency was more common in this series then in
general reports of obsessive-compulsive behavior.

NEUROPSYCHIATRIC SYMPTOMS ONSET
AND GABHS INFECTION

At the sentinel episode of neuropsychiatric symptoms,
onset was sudden and dramatic and, in every case, was
associated with concurrent GABHS tonsillopharyngitis
or a GABHS throat infection in the previous 4 weeks. A
positive throat culture or rapid antigen-detection assay
demonstrated the association. Streptococcal serologic tests
(ASO and/or anti–DNase B) were conducted for 3 chil-
dren and followed sequentially. However, as Swedo et al6

and others12,13 have pointed out, positive antistreptococ-
cal titers obtained at the time of neuropsychiatric symp-
tom exacerbation are not sufficient to prove that a child
has PANDAS because titers may remain elevated for sev-
eral months following an acute infection. After entering
the study, cultures negative for GABHS were docu-
mented before the next positive GABHS culture associ-
ated with recurrence of PANDAS behavior changes.

The number of prior episodes of GABHS infection was
the only factor that appeared to predict a more severe, re-
lapsing course of PANDAS. The patients who did not have
recurrences had fewer episodes of GABHS prior to PANDAS
onset, and those with the most severe and relapsing course
had the most episodes of GABHS before the onset of
PANDAS. Those with the most recurrences developed more
significant behavioral symptoms, which then began to wax
and wane. Their OCD symptoms became more chronic
and persistent. This result is consistent with the in-
creased incidence and severity of OCD seen with recur-
rences of Sydenham chorea.19

The association of GABHS infection with symptom
exacerbation was determined prospectively for all epi-
sodes. Data from rheumatic fever studies demonstrate that
a GABHS infection can precede chorea symptoms by sev-
eral months,2 although the lag between subsequent infec-
tions and symptom exacerbation is much shorter, often
only a few days to a week apart, suggesting an immuno-

logical memory response. Our finding of a new acute
GABHS throat infection that triggers PANDAS preceded
by a GABHS infection at least 6 months earlier is consis-
tent with the same immune response pattern. Possibly, in
the early stage of GABHS infection, an antibody is stimu-
lated that may precipitate behavioral effects even days be-
fore the quantity of GABHS is sufficient to be detected by
rapid antigen-detection assay or throat culture.

RESPONSE TO ANTIBIOTIC TREATMENT

Surprisingly, with antibiotic treatment appropriate for
GABHS infection, our patients exhibited dramatic, rapid
resolution of their sentinel OCD, anxiety, and tic symp-
toms. Resolution of symptoms occurred an average of 14
days after treatment began. This is in marked contrast
to typical OCD, which evolves slowly and requires ex-
tensive treatment with cognitive behavioral therapy and/or
medication to alleviate symptoms over months to years.3

Compulsive wiping and washing rituals disappeared first,
and the obsessive thought patterns presumed to lead to
the separation anxiety cleared more slowly (usually within
several weeks) but completely. The rapid, apparent re-
sponse to treatment suggests to us the possibility of a
GABHS-associated toxin that is a mediator of PANDAS.
We speculate about this possibility because such a re-
sponse would not seem as likely if the process were au-
toimmune antibody–mediated. These observations did
not occur in the context of a double-blind, randomized,
controlled trial, so further examination of these poten-
tially important findings is clearly needed.

AUTHENTICITY OF GABHS DIAGNOSIS

By definition, because these children displayed symp-
toms and signs of GABHS tonsillopharyngitis, albeit milder
then the classic case, they were not carriers. The negative
cultures before and after onset of OCD and before and af-
ter recurrences of OCD episodes further argue against the
notion that these children were carriers. Third, GABHS car-
riers do not show antibody increases in response to strep-
tococcal antigens. Although more than 60% of patients with
rheumatic fever show significantly elevated ASO titers,
those with chorea are less likely to exhibit elevated ASO
titers, and multiple antibody tests, including anti–DNase
B, may be needed to document bona fide GABHS infec-
tion.2 When obtained, serologic test results showed the chil-
dren had very elevated anti–DNase B and/or elevated ASO
titers. However, we were struck by the absence of a strong
inflammatory response (symptoms and signs) elicited by
the GABHS strain infecting our patients. This is similar to
the experience documented by Veasy et al20 during re-
cent acute rheumatic fever outbreaks.

Characterization of these strains of GABHS that are
prone to the induction of PANDAS in the susceptible host
will be of interest. The factors that confer susceptibility
to the development of PANDAS, the possible associa-
tion D8/17 B-lymphocyte antigen as a marker trait,21 the
immune response associated with the development of the
clinical symptoms, and identification of the anatomical
structures involved in the expression of the clinical symp-
toms of PANDAS need to be explored. Might these chil-
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dren be rendered less susceptible by prevention of GABHS
infection through antibiotic prophylaxis? Would immu-
nization against GABHS, when it becomes available, be
of benefit, or would it induce autoimmune antibodies?

The possibility that pathogens other than GABHS
can induce neuropsychological symptoms6 was not con-
firmed in our study. Our findings do not support the pos-
tulate that GABHS needs to be the initial autoimmunity-
inciting event, but that subsequent symptom exacerbations
can be triggered by viruses, other bacteria, or noninfec-
tious immunological responses.6 Previous PANDAS stud-
ies included children with long-standing Tourette syn-
drome.6 Our study and application of the PANDAS
diagnostic criteria to an unselected private practice popu-
lation suggest tics are not as common as previously re-
ported, although several boys in our series had tics.

Comorbid symptoms (emotional lability, separa-
tion anxiety, and oppositional and age-inappropriate be-
haviors) were also episodic and temporally related to
PANDAS in our patients. Some of these symptoms were
present in all our patients, so we consider them mani-
festations of the PANDAS phenomenon. We concur with
Swedo et al6 that perhaps the PANDAS syndrome should
be expanded to include primary diagnosis of late-onset
ADHD and age-inappropriate separation anxiety disor-
ders, as well as OCD and tic disorders. In any case, the
abrupt onset of OCD at an early age is quite distinct from
the usual pattern of OCD characterized by gradual on-
set presenting in adolescence or early adulthood.3 The
present study also identifies urinary frequency and ur-
gency and associated toilet hygiene rituals as another OCD
behavior common in patients with PANDAS.

The design of our study does not allow a determina-
tion of the incidence of children with neuropsychiatric dis-
orders who have PANDAS. However, if physicians look for
thisdisorder, theaveragecommunity-basedpractitionermay
see 1 to 3 new cases per year. This is far more common
than rheumatic fever or poststreptococcal glomerulone-
phritis. Physicians caring for children should be aware of
PANDAS because our study strongly suggests that appro-
priate antibiotic treatment directed at GABHS eradication
at the sentinel episode of PANDAS may be of benefit. Fur-

ther studies to examine the best method of eradicating
GABHS from the oropharynx and presumed circulating au-
toantibodies should be undertaken.

Accepted for publication January 3, 2002.
Corresponding author and reprints: Michael E. Pichi-

chero, MD, Elmwood Pediatric Group, University of Roch-
ester Medical Center, 601 Elmwood Ave, Box 672, Roches-
ter, NY 14642 (e-mail: michael_pichichero@urmc
.rochester.edu).

REFERENCES

1. Kaplan EL. Group A streptococcal infections. In: Feigen R, Cherry JD, eds. Text-
book of Pediatric Infectious Diseases. 3rd ed. Philadelphia, Pa: WB Saunders
Co; 1992:1296-1303.

2. Lennon DR. Acute rheumatic fever. In: Feigen R, Cherry JD, eds. Textbook of
Pediatric Infectious Diseases. 3rd ed. Philadelphia, Pa: WB Saunders Co; 1992:
387-396.

3. Zohar AH. The epidemiology of obsessive-compulsive disorder in children and
adolescents. Child Adolesc Psychiatr Clin N Am. 1999;8:445-459.

4. Swedo SE, Rapoport JL, Cheslow DL, et al. High prevalence of obsessive-
compulsive symptoms in patients with Sydenham’s chorea. Am J Psychiatry.
1989;146:246-249.

5. Asbahr FR, Negrao AB, Gentil V, et al. Obsessive-compulsive and related symp-
toms in children and adolescents with rheumatic fever with and without chorea:
a prospective 6-month study. Am J Psychiatry. 1998;155:1122-1124.

6. Swedo SE, Leonard HL, Garvey M, et al. Pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infections: clinical description of the first
50 cases. Am J Psychiatry. 1998;155:264-271.

7. Leonard HL, Swedo SE, Garvey M, et al. Postinfectious and other forms of obsessive-
compulsive disorder. Child Adolesc Psychiatr Clin N Am. 1999;8:497-511.

8. Perlmutter SJ, Garvey MA, Castellanos X, et al. A case of pediatric autoimmune
neuropsychiatric disorders associated with streptococcal infections. Am J Psy-
chiatry. 1998;155:1592-1598.

9. Kiessling LS, Marcotte AC, Culpepper L. Antineuronal antibodies in movement
disorders. Pediatrics. 1993;92:39-43.

10. Garvey MA, Perlmutter SJ, Allen AJ, et al. A pilot study of penicillin prophylaxis
for neuropsychiatric exacerbations triggered by streptococcal infections. Biol Psy-
chiatry. 1999;45:1564-1571.

11. Garvey MA, Giedd J, Swedo SE. PANDAS: the search for environmental triggers
of pediatric neuropsychiatric disorder; lessons from rheumatic fever. J Child Neu-
rol. 1998;13:413-423.

12. Swedo SE, Leonard HL, Kiessling LS. Speculations on antineuronal antibody-
mediated neuropsychiatric disorders of childhood. Pediatrics. 1994;93:323-326.

13. Shulman S. Pediatric autoimmune neuropsychiatric disorders associated with
streptococci (PANDAS). Pediatr Infect Dis J. 1999;18:281-282.

14. Kaplan EL. PANDAS? PAND? Or both? Or neither? Assessing a (possible?) tem-
poral or pathogenetic relationship with the Group A “streptococcal diseases com-
plex.” Contemp Pediatr. August 2000:81-96.

15. Swedo SE, Leonard HL, Mittleman BB, et al. Identification of children with pe-
diatric autoimmune neuropsychiatric disorders associated with streptococcal in-
fections by a marker associated with rheumatic fever. Am J Psychiatry. 1997;
154:110-112.

16. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition. Washington, DC: American Psychiatric Association; 1994.

17. Goodman WK, Price LH, Rasmussen SA, et al. Yale-Brown Obsessive Compul-
sive Scale, II: validity. Arch Gen Psychiatry. 1989;46:1012-1016.

18. Pichichero ME, Green JL, Francis AB, et al. Recurrent group A streptococcal ton-
sillopharyngitis. Pediatr Infect Dis J. 1998;17:809-815.

19. Asbahr FR, Ramos RT, Negrao AB, Gentil V. Case series: increased vulnerability
to obsessive-compulsive symptoms with repeated episodes of Sydenham cho-
rea. Am Acad Child Adolesc Psychiatry. 1999;38:1522-1525.

20. Veasy LG, Tani LY, Hill HR. Persistence of acute rheumatic fever in the inter-
mountain area of the United States. J Pediatr. 1994;124:9-16.

21. Murphy TK, Goodman WK, Fudge MW, et al. B-lymphocyte antigen D8/17: a pe-
ripheral marker for childhood-onset obsessive-compulsive disorder and Tou-
rette’s syndrome? Am J Psychiatry. 1997;154:402-407.

What This Study Adds

The possible association between streptococcal infec-
tions and the sudden onset of neuropsychiatric disor-
ders such as OCD and tic disorder has been described
in the psychiatric literature and in patients with long-
standing Tourette syndrome seen in research centers. This
is the first prospective study in a primary care setting to
confirm an association between sudden onset of a first
episode of OCD, anxiety, ADHD, or tic disorder and strep-
tococcal throat infections. It is also the first study to docu-
ment the disappearance of neuropsychiatric symptoms
during antibiotic treatment for streptococcal sore throat,
the recurrence of behavioral symptoms with streptococ-
cal sore throat, and the subsequent disappearance of
symptoms with appropriate antibiotic treatment.
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